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risk for cardiovascular complications. Fragmented QRS is now identified as a new tool for discriminate high-risk cardiovascular patients. [11, 12] It has been indicated that the presence of fragmented QRS is common in patients with the history of myocardial ischemia and also those with progressive heart failure. [13, 14] In fact, confirming fragmented QRS can predict the occurrence of further cardiac events in high-risk cardiovascular groups. It is now hypothesized that the presence of fragmented QRS may be related to iron overload and its cardiovascular complications in beta-thalassemia. [15] Hence, the present study aimed to assess the relationship between the presence of fragmented QRS and iron overload determined by MRI T2* in patients with beta-thalassemia major.
materials and methOds
This cross-sectional study was performed on 71 consecutive patients with beta-thalassemia major that referred to Shahid Rajaei Heart Center in 2014 for assessing myocardial T2* using cardiac MRI. Patients with diabetes mellitus, hypertension, ischemic heart disease, and smokers were excluded, beside individuals were excluded from the study, if they had a history of coronary artery disease or regional wall motion abnormalities under resting transthoracic echocardiography examination. The cardiac MR T2* values and electrocardiograms (ECGs) of the patients were evaluated. The patients' 12-lead surface ECGs were analyzed for the presence of fragmented QRS. The fragmented QRS pattern was identified by the presence of different RSR' patterns in the presence or absence of the Q wave in two adjacent derivations (QRS duration, <120 ms); additional R wave (R' wave) or notching in the nadir of the R or S wave or by the presence of ≥1 R wave in the absence of typical bundle branch block. The measurement of cardiac MR T2* was evaluated according to the description by Chen X et al. [8] The cardiac T2* value <20 ms was accepted as cardiac iron overload. The relationship between the cardiac T2* value and fragmented QRS in ECG was investigated.
Data were analyzed with the SPSS software version 16.0 for Windows (IBM Company, Chicago). Categorical variables were presented as frequency and percentage and quantitative variables with mean ± standard deviation. The Chi-square test and Fisher's exact test were used to compare categorical variables. The Kolmogorov-Smirnov test was used to assess the distribution of continuous variables. Student's t-test was used for variables with normal distribution. Continuous variables without normal distribution were analyzed using Mann-Whitney U-test. The correlation between the variables was examined using the Pearson's or Spearman's test. Multivariate linear regression analysis was used to evaluate the association between the presence of fragmented QRS and cardiac T2* value with the presence of baseline variables. A two-tailed P < 0.05 was considered statistically significant.
results
The study included 71 patients with beta-thalassemia major of whom 39 were male. The mean age of the patients was 19.84 ± 7.54 years. All patients were on regular blood transfusions and iron chelators. Patients had no cardiovascular risk factors. The presence of fragmented QRS was revealed in 19.7% of patients [ Figure 1 ]. Between the groups with and without QRS fragmentation, there was no difference in baseline demographic characteristics including gender and age as well as mean pulse rate; however, those with fragmented QRS had significantly lower left ventricular ejection fraction (LVEF) as well as higher end-systolic and end-diastolic volumes and indices [ Table 1 ]. The study showed the presence of a significant relationship between cardiac T2* value and fragmented QRS in ECG that the mean myocardial T2* in those with and without fragmented QRS was 11.46 ± 6.63 and 21.72 ± 9.49 (P < 0.001). Furthermore, those with fragmented QRS had lower liver T2* compared with those without fragmented QRS (2.10 ± 1.82 vs. 5.40 ± 5.50, P < 0.001).
In those with fragmented QRS, a significant association was found between myocardial and liver T2* values (r = 0.677, P = 0.008) [ Figure 2 ]. However, the value of myocardial T2* was not related to cardiovascular parameters including LVEF (r = 0.364, P = 0.201), end-diastolic volume (r = −0.185, P = 0.538), and end-systolic volume (r = −0.118, P = 0.689).
Using the multivariable linear regression model [ Table 2 ], it was shown a significant association between the presence of fragmented QRS and myocardial T2* value (standardized beta = −0.318, P = 0.007), however in a similar model, there was no association between the presence of fragmented QRS and liver T2* value (standardized beta = −1.651, P = 0.104) [ Table 3 ].
discussiOn
As previously pointed, patients with beta-thalassemia major are categorized as high risk for cardiovascular complications due to myocardial iron overload that leads to reduce both systolic and diastolic function as well as cardiac arrhythmias. As shown in our survey, about one-fifth of the patients had fragmented QRS pattern in their ECGs. Due to the close relationship between the presence of fragmented QRS and adverse cardiac event, we thought that the myocardial iron overload might be associated with the presence of this ECG pattern in beta-thalassemia major [ Figure 3 ]. In line with our hypothesis, we could show that the value of myocardial T2* was significantly lower in those patients with fragmented QRS in ECGs even adjusting gender and age variables as well as systolic and diastolic functional parameters that were comparable with the findings previously found in other studies. In a similar study by Bayar et al., [16] in 48% of patients, fragmented QRS was detected, and in 74% of those, the T2* values were low. Furthermore, 86% of patients with cardiac involvement had fragmented QRS, but 22% of patients with noninvolvement had fragmented QRS (P < 0.001). In another study by Buyukkaya et al., [17] when compared to those in control group, fragmented QRS was more frequent in beta-thalassemia major group, indicating statistical significance (P = 0.001). While E/Em and ferritin level exhibited statistically significant increase in thalassemia patients with fragmented QRS (P < 0.05), the mean Em and Sm values were found to be significantly low (P < 0.05).
Studies have shown that cardiac T2* is highly predictive over 1 year for the development of heart failure and arrhythmia. Low T2* values are associated with the occurrence of myocardial dysfunction. A study involving 652 patients with TM has reported that cardiac T2* values of <20 ms are significantly associated with the risk of arrhythmia and for patients with T2* values of <10 ms with risk of cardiac insufficiency. [18] Cardiac iron overload first leads to delay or blockage in myocardial electrical conduction and later to disorders in myocardial contraction. In the early stage of the disorder, as criteria, bradycardia, changes in ST-T, seldom atrial and ventricular premature systoles, first-degree atrioventricular block, and left ventricular hypertrophy are observed. [19, 20] In the late stage of the disorder, frequent atrial and ventricular premature systoles, supraventricular tachycardia, second-degree atrioventricular block or complete cardiac block can occur. [20] Despite confirmed association between iron overload and progression of myocardial functional impairment, we could not confirm the association between myocardial T2* value and myocardial parameters. This insignificant association may be explained by this fact that our patients might be in the early phases of myocardial iron overload before its potential effects on myocardial parameters. cOnclusiOn A notable number of patients with beta-thalassemia major have fragmented QRS pattern in ECGs that is accompanied with lowering myocardial T2* value in these patients. However, our study could not demonstrate a significant association between myocardial T2* and myocardial systolic and diastolic function parameters may be due to the early phases of the effects of iron overload on myocardial functional status.
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